Inter-domain redox communication in flavoenzymes of the quiescin/sulfhydryl oxidase family: role of a thioredoxin domain in disulfide bond formation.
Flavoproteins of the quiescin/sulfhydryl oxidase (QSOX) family catalyze oxidation of peptide and protein thiols to disulfides with the reduction of oxygen to hydrogen peroxide. QSOX family members contain several domains, including an N-terminal thioredoxin domain (Trx) and an FAD-binding-domain (ERV) toward the C-terminus. Partial proteolysis of avian QSOX leads to two fragments, designated 30 and 60 kDa from their apparent mobilities on SDS-PAGE. The 30 kDa fragment is a monomer under nondenaturing conditions and contains a Trx domain with a CxxC sequence typical of protein disulfide isomerase (WCGHC). This QSOX fragment is not detectably glycosylated, contains no detectable FAD, and shows undetectable sulfhydryl oxidase activity. In contrast, the 60 kDa fragment is a dimeric glycoprotein that binds FAD tightly and oxidizes dithiothreitol about 1000-fold slower than intact QSOX. Reduced RNase is not a significant substrate of the 60 kDa fragment. The redox behavior of the 60 kDa flavoprotein fragment is profoundly different from that of intact QSOX. Thus, dithionite or photochemical reduction of the 60 kDa fragment leads to two-electron reduction of the FAD without subsequent reduction of the other two CxxC motifs or the appearance of a thiolate to flavin charge-transfer complex. Further characterization of the fragments and insights gained from the crystal structure of yeast ERV2p (Gross, E., Sevier, C. S., Vala, A., Kaiser, C. A., and Fass, D. (2002) Nat. Struct. Biol. 9, 61-67) suggest that the flow of reducing equivalents in intact avian QSOX is dithiol substrate --> C80/83 --> C519/522 --> C459/462 --> FAD --> oxygen. The ancient fusion of thioredoxin domains to a catalytically more limited ERV domain has produced an efficient catalyst for the direct introduction of disulfide bonds into a wide range of proteins and peptides in multicellular organisms.